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ABSTRACT

There are three common species of ranids in South India, viz., Rana hexadactyla Lesson
(the green-frog), R. tigrina Daud. (the bull-frog) and R. cyanophlyctis Schn. (the skipper-frog).
Of these, the bull-frog hibernates during winter and saestivates during summer. The green-
frog exhibits a short winter spawning in addition to the major one during the monsoon showers.
For artificially spawning and getting ripe eggs for embryological studies, the larger species are
difficult to handle and they are also becoming scarce around Bangalore. The skipper-frog
is easy to handle and during the monsoon season, a parenteral injection of 2-3 gravid pitui-
tary glands from the same species will make the gravid females yield ripe eggs ; during winter,
they require 4-5 glands. The time taken for the injected pituitary gonadotrophins to act
is about 12-14 hr. during winter and 94-10 hr. during the breeding season. Five gravid catfish
(Heteropneustes) pituitary glands also ripen the eggs of the skipper-frog and frog pituitaries
are known to ect reciprocally. Mammalian hormones like follicle-stimulating and luteinizing
hormones, pregnent mare serum, chorionic gonadotrophin, estrogen, cortisone, adrenocorti-
cotrophic hormone, growth hormone, thyroid-stimulating hormone and oxytocin have no
effect on the frog's ovary ; androgen, progesterone and desoxycorticosterone acetate bring
about ovulation (oviposition) in the skipper-frog. All the above mentioned hormones, except
oxytocin, bring about ovulation in frog when combined with a threshold pituitary glend dose,
viz., two gravid pituitary glands during the non-breeding season. A table showing the normal
stages in the development of Rana cyanophlyctis is also appended. The skipper-frog, therefore,
is recommended as a suitable animal for embryological studies.

INTRODUCTION

In most Indian universities, demonstration of frog embryology has not been
undertaken as the technique of spawning and fertilizing the eggs under laboratory
conditions to follow up their further fate is not adequately developed. With a
view to provide the correct dosage of pituitary glands for implantation or injection
50 as to induce spawning in frog and also to study the effect of mammalian hormones
towards this end, we have conducted a series of experiments, the results of which
are presented here. In this connexion, Rugh (1948) has given all details with
regard to inducing spawning in the American frog Rana pipiens.

MATERIAL AND METHODS

The following ranid species available locally have been tested :
1. Rana hexadactyle Lesson (the green-frog),
2.  Rana tigrina Daud. (the bull-frog),
3. Rana cyanophlyciis Schn. (the skipper-frog).

Pituitary glands taken out of gravid female frogs of the same species (homo-
plastic) are mashed in a small quantity (1 ml.) of distilled water or standard Holt-
freter solution in a homogeniser and injected parenterally. Implantation of
pituitary glands into the dorsal lymph sac or into the peritoneal cavity with a
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syringe has not been uniformly followed. In injecting mammalian hormones
dissolved in an oil base, we have always administered first the pituitary gland,
followed up by the mammalian one after a short interval.

OBSERVATIONS

The three species of frogs, namely, the bull-frog, the green-frog and the skipper-
frog which are used for biology demonstrations in most Indian universities could
also be utilised for artificially procuring eggs under laboratory conditions for em-
bryological studies. However, the more ubiguitous bull-frogs become scarce
during winter when they hibernate and they also aestivate during summer. The
females generally emerge to spawn after the first monsoon showers (June). The
other two species are available throughout the year. However, the larger of the
two species, viz., hexadactyle is becoming scarce around Bangalore and is more
difficult to handle for stripping purposes. The skipper-frog, like the bull-frog,
is cosmopolitan in distribution and being smaller is easy to manipulate and, is there-
fore, ideally suited for experimental purposes.

The bull-frog has been used successfully for getting eggs during the rainy
months, June—September. In the months of April and May (1958), fresh gravid
bull-frogs (177-332 gm.) receiving parenteral injections of 4 gravid homoplastic
pituitary glands yielded viable eggs normally after 12 hrs.; later in the season (June),
a smaller dose (2 or 3 glands) was enough to make them spawn taking about the
same time for ovulation. We have always found that if the dose is split, injecting
a larger dose first followed by a smaller one after an interval of 10-12 hrs., the frogs
yield better results. A very large number of hexadactyle glands (seven) are needed
to activate the ovary of the bull-frog. During October, uniformly all the bull-
frog females showed regressed ovaries. The usefulness of this frog for embryo-
logical studies, is therefore, very limited.

The green-frog restricted to South India and Ceylon appears to have two
breeding seasons; a major one during the monsoon months and a very limited
winter one (November——January). During May—dJune, the green-frog requires
more than six pituitary glands for making them yield eggs. However, green-frogs
receiving 4 glands in combination with 100 1.U. of chorionic gonadotrophin (Antui-
trin S : Parke, Davis) yielded a large number of eggs. Test amimals receiving four
glands in combination with 25 mg. of cortisone (Corlin : Glaxo) yielded fewer eggs.

During the monsoon months, a number of naturally spawning green-frog females
were procured and the other gravid ones reacted to pituitary injections very much
like the bull-frogs. After the season, quite a number of regressed green-frog females
are met with. However, during November—December, these frogs show again
ovaries with well developed ova. Quite a few specimens were also procured
with ripe ova in the uterus which hatched into tadpoles after fertilization. Obviously,
the green-frog has a short winter spawning. We are not aware of any record of
winter spawning in the South Indian frogs. During this season, the frogs required
6-8 pituitary glands per injection to yield eggs and the eggs showed up at the cloaca
after the lapse of 28—24 hrs. ‘

According to McCann (1932), the thoroughly aquatic skipper-frog may breed
at any time of the year in suitable localities. We have never come across a single
female during our studies (October 1957-—June 1958) showing eggs in the uterus.
It was only during the early part of August that a few females with uterine eggs
were procured. While all the three species of frogs are available for embryological
studies during or just prior to monsoon months, our search for a suitable one during
winter months resulted in discovering the skipper-frog; the green-frog showing a
short second spawning season could also be used but the difficulty of securing the
specimens and of handling them positively precludes the choice.
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During winter months, 4-5 gravid pituitary glands of the skipper-frog mashed
in 1 ml. of distilled water and injected intraperitoneally were found effective in
making 80-90 per cent of cyanophlyctis test animals (39—50 gm.) yield ripe eggs
after the lapse of 12-14 hrs. ; in the bigger hexaductyla females, it required 24 hrs.
after injection for a few eggs to show up at the cloaca when they could conveniently
be stripped ; if the day was warm, ovulation took place much earlier than this.
We generally injected the female skipper-frog late in the evening, and the next
morning after a lapse of 12-14 hrs., the test amimals showed up eggs indicating
that they were ready for stripping, the laboratory temperature during the winter
being 17°~—18° C. After fertilization, we have noticed that more than 80 per cent
of the eggs hatched out. According to Rugh (1948), the percentage of fecundity
increases if the eggs stay in the uterus for 24 hrs. undergoing a physiological matu-
rity. In several of our experiments, we have had more than 95 per cent of the eggs
of the skipper-frog hatching out with the eggs having stayed in the uterus for less
than 15 hrs., and the animals do not appear to retain the eggs in the uterus for
long. During March (day temperature 28° C), we have been able to secure viable
eggs after the lapse of 93-10 hre., with a four-gland injection and more than 90 per-
cent of these eggs hatched out into polliwogs when fertilized. We have tested
the skipper-frog females for gonadotrophic reactions after the spawning season
(September) and the ovary is not completely regressed. Two homoplastic pituitary
glands bring about ovulation but the number of eggs is very limited. Probably
these are individuals who have already spawned in nature. The reasons that
prompted us to select the skipper-frog, therefore, are the short interval that is
needed for ripening the eggs, the ease with which the females can be handled
and the availability of the gravid females throughout the year even though the
skipper-frog eggs are smaller than those of hexadactyle and tigrina. The eggs of
anurans are smaller than those of urodelans and are, therefore, not ideally suited for
transplantation studies.

Each skipper-frog female gives at a stripping more than 200 eggs. Further,
the skipper-frog also responds to hexadactyla pituitary glands; during November,
one or two gravid pituitary glands of the green-frog injected either intraperitoneally
or into the dorsal lymph-sac of the skipper-frog made the latter yield viable eggs.
Even two pituitary glands of the male hexadactyla were effective. However, pitui-
taries from donors with regressed ovaries did not cause the skipper-frog to ovulate.
Moreover, in the absence of spring-water, we have been using stored city water and
the eggs undergo normal development in it. For testes mash, we have also been
using the same stored water and the sperm are viable, normal saline or standard
Holtfreter solution being deleterious.

We have always found that freshly caught specimens of the skipper-frog
weighing more than 40 gmu., have always given us excellent results ; those stored
in the laboratory for more than 8-10 days give indifferent results. Rugh (1948)
also recorded that ovarian eggs of frog undergo degeneration rapidly at room tem-
perature.

We have also tried, during November, the reciprocal effect of Heteropneustes
{catfish) and skipper-frog pituitaries on ripening the eggs of each other. Parenteral
injection of 5 gravid catfish pituitary glands into gravid skipper-frog females made
the latter yield viable eggs ; similarly, 5 gravid pituitary glands of the skipper-frog
made the catfish yield viable eggs. In each case, after fertilization, embryos
hatched out. It is interesting to note in this connexion that Creaser and Gorbman
(1939) recorded of a single instance of fish pituitary successfully spawning frog.
Atz (Pickford and Atz, 1957) alluded to the spawning of frog with fish pituitary
as a ‘feat’ accomplished by Wills, Riley and Stubbs (1933), Stroganov and
Alpatov (1951) and partially by Atz and Pickford (Pickford and Atz 1957).
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We have provided a table showing the development of skipper-frog eggs and
the time taken to reach the different stages as has been done for frogs, particularly
Rana pipiens and R. sylvatica (see Rugh 1948).

The use of mammalian hormones put on the market has thrown considerable
light on the reactivity of the female sex glands of frogs. In this connexion, Witschi,
Chang and Segal (1955) and Chang and Witschi (1957) pointed out that in
frog, the adrenocorticotrophic hormone and cortisone acetate (cortisone)
accelerate the action of the luteinizing hormone contained in the threshold dose
of homoplastic frog pituitary glands (1 or 2 glands) injected along with those
hormones. The latter authors assumed tentatively a catenary reaction as follows :
the high estrogen content of the gravid ovary after the action of follicle-stimulating
hormone on it, reacts on the pituitary gland which releases luteinizing and adreno-
corticotrophic hormones; the latter acts upon the adrenal cortex which releases
the cortical hormone cortisone. The latter augments the action of the luteinizing
factor resulting in ovulation. In this chain reaction, cortisone being the end
product, probably plays a better role than either estrogen or adrenocorticotrophic
hormone. However, they also state that “cortisone does not appear to be an
indispensible factor”’.

We have not only tested the reaction of the skipper-frog to injections of mamma-
lian hormones but also to them in combination with a threshold or subminimal
dose of homoplastic pituitary glands. During December, we injected 25 skipper-
frogs each with two homoplastic gland dose ; of these only three gave a few ripe
eggs after 15 hrs. The others did not spawn or yield eggs on stripping even 24—
48 hrs., after the injection. Obviously the dose is a small one sufficient to prime
up the ovary and this has been taken as the threshold dose. With three glands,
a large number of skipper-frogs gave ripe eggs on stripping.

For every experiment, we have had controls receiving only two glands to see
if the gonad becomes reactive to that dosage as the frogs approach the breeding
season. So far (early August, 1958) we have not found the subminimal dose
bringing about ovulation in the controls. Along with the subminimal dose, we
have injected a number of mammalian hormones to study the augmenting action of
the latter. The test animals were injected mostly the previous evening and were
examined the next morning for ripe eggs; both spawning and non-spawning test
animals were stripped and the eggs fertilized for testing viability.

The following mammalian hormone preparations have been used individually
and also in combination with a threshold dose of pituitary glands as referred to
above :

1. Follicle-stimulating hormone (Armour Laboratories: R 377210),

2. Luteinizing hormone (Armour Laboratories : R 377279),

3. Human chorionic gonadotrophin (Physex : Dumex; Antuitrin S: Parke,
Davis),

4. Pregnant mare serum (Antex: Dumex),

5. Estrogen (Estradiol monobenzoate—Ovocyclin M : Ciba; Estradiol dipro-
pionate—Ovocyclin P : Ciba; Stilbestrol : Boots),

6. Androgen (Methyl testosterone : Boots; Perandren linguets: Ciba),

7. Progesterone (Ethisterone: Boots; Proluton: Schering),

8. Adrenocorticotrophic hormone (Dumex; Adrenomone: Armour Labora-

tories),
9. Desoxycorticosterone acetate (Primocort : Schering).
10. Cortisone acetate (Corlin: Glaxo),
11. Thyroid-stimulating hormone (Armour Laboratories: PRR 3-128-92),
12. Growth hormone (Somar: Armour Laboratories: M 108),
13. Thyroxine (Eltroxin : Boots),
14. Insulin (Boots)
15. Oxytocin (Pitocine : Parke, Davis).
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It is generally known that mammalian pituitary and chorionic gonadotrophins
do not cause frog to yield ripe eggs. There are, however, records where a few
species of frogs and toads have reacted favourably, e.g., Bufo fowleri, Rana cates-
beiana (Rugh (1935), Hyla aurea (Creager and Gorbman 1935), Rana temporaria
(Bellerby 1933 ; Cunningham and Smart 1934 ; Gallien 1937) and Xenopus laevis
‘(Hogben, Charles and Slome 1931 ; Bellerby 1933 ; Cunningham and Smart 1934 ;
Shapiro and Zwarenstein 1934 ; Shapiro 1935) either to mammalian pituitary or
chorionic gonadotrophins. Barth (1933), Creaser and Gorbman (1935) and Rugh
(1935) have reported failure to induce Rana pipiens to ovulate using sheep and
beef pituitary extracts or pregnant mare serum or human pregnancy urine; however,
Wright and Hisaw (1946) have succeeded to ovulate pipiens with mammalian
pituitary gonadotrophins.

Gravid skipper-frogs were injected in the evening a 5 mg. dose of follicle-
stimulating hormone {Armour) in distilled water along with a threshold dose of
two pituitary glands. Forty per cent of the test animals had spawned by the next
morning and also yielded viable eggs on stripping. An equal number of controls
receiving 5 mg. dose of follicle-stimulating hormone did not show any reaction.
When catfish (Heteropneustes) were injected with the same follicle-stimulating
hormone, the fish spawned and this naturally led us to infer that the hormone
was contaminated with the luteinizing one. On inquiry, Dr. I Bunding (Armour
Laboratories) informed us that the follicle-stimulating hormone contained 5 per cent
or even more of the luteinizing hormone in it. While the quantity of luteinizing
hormone present in the dose was sufficient to spawn the catfish, it was ineffective
on frog. But as noted above when the follicle-stimulating hormone was injected
along with a threshold pituitary gland dose into skipper-frogs, they yielded viable
eggs. During November, skipper-frogs received as much as 10 mg. dose each of
the luteinizing hormone and they did not respond. During January, a 5 mg. dose
of the hormone in combination with a threshold pituitary gland dose brought
about profuse spawning in 90 per cent of the test animals ; the controls receiving
two pituitary glands each or 5 mg. dose each of luteinizing hormone alone did
not react.

Using chorionic gonadotrophin (Physex : Dumex; Antuitrin 8 : Parke, Davis),
we noticed that even as large a dose as 50 L.U., considering the weight of the
frog, could not make the skipper-frogs react. However, when 50 L.U., of Physex
or 25 I.U., of Antuitrin S was used in combination with a threshold pituitary gland
dose, 50 per cent ovulation was obtained with the former combination while in
the latter, 70 per cent of the test animals spawned. In this connexion, Rugh
(1935) reported successful ovulation by injecting human pregnancy urine extract
into Bufo fowleri and Rana catesbeiana and several workers have successfully spawned
Xenopus with human pregnancy urine.

When a dose of 30 1.U., of pregnant mare serum (Antex : Dumex) was injected
into the skipper-frog, they did not react; however, when the same dosage was
given in combination with a subminimal pituitary gland dose, 70 per cent of the
test animals spawned. We have replicated this experiment in September 1958
using 75 1.U., of pregnant mare serum (Antex) with half-a-gland as the subminimal
dose. The skipper-frogs yielded viable eggs while the controls receiving only
half-a-gland of the pituitary could not be stripped. Pregnant mare serum (Serum
‘gonadotrophin) is largely a follicle-stimulating hormone (Dumex firm describe
Antex’ as a highly purified gonadotrophic hormone) and it must have activated
the luteinizing pituitary gonadotrophin. However, it is interesting to note in
this connexion that catfish do not yield ripe eggs on receiving the pregnant
mare serum with the respective threshold pituitary gland dose. Creaser and
Gorbman (1935) reported that an extract of pregnant mare serum brought about
ovulation in Hyla aurea and it is difficult to explain why the hormone did not act
on the gkipper-frog.
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It has been reported that some anurans react to progesterone and male sex
hormone. Androgen and progesterone have induced Xenopus laevis to spawn
(Shapiro 1936) ; Langan (1941) caused ovulation in Ranra pipiens with testosterone
and progesterone but not with estradiol. The reaction of the skipper-frog to estrogen
has been very poor, probably due to the medium in which the hormone was injected.
When 2.5 mg. of estradiol monobenzoate (Ovocyclin M : Ciba) or estradiol dipro-
pionate (Ovocyclin P : Ciba) was injected after a subminimal pituitary gland dose
into the skipper-frog, spawning was noticed in 1 out of ten test animals. Controls
receiving an equal quantity of Ovoeyclin M or Ovocyclin P respectively did not
react. Stilbestrol (Boots) alone in 0.5 mg. doses did not elicit any response in the
skipper-frog. 1t is reported that even large doses (10 mg.) of estradiol have not
been able to spawn Xenopus (Shapiro 1936) and Langan (1941) noted that Rana
pipiens did not ovulate when injected with e-estradiol dipropionate.

During February, when a 2 mg. dose of methyl testosterone (Boots) was
injected into the skipper-frog, all the test animals spawned. However, when 1 mg.
dose of methyl testosterone (Perandren linguets: Ciba) was injected along with
the threshold pituitary gland dose, there was comparatively poor spawning and
the controls receiving only 1 mg. of the androgen each did not react.

Progesterone also worked very much like the androgen. Skipper-frogs receiving
1 mg. progesterone (Luteostab : Boots) after the subminimal pituitary gland dose,
spawned profusely during February; the controls receiving the same dose of pro-
gesterone alone could also be stripped for ripe eggs. However, when 1 mg. dose
of Ethisterone (Boots) was injected, the frogs did not react. The skipper-frog,
therefore, resembles Xenopus and Rana pipiens in its reaction to androgen and
progesterone.

Cortisone acetate (Corlin : Glaxo) has not been able to spawn or ovulate the
skipper-frog. Chang and Witschi (1957) also reported that Rana pipiens could not
be ovulated with cortisone only. Shapiro (1936), however, reported that Xenopus
laevis ovulated with adrenal-cortical extract. In an experiment with skipper-frogs,
cortisone injected with the threshold pituitary gland dose gave 100 per cent success,
while the controls receiving only two pituitary gland injections each, one or two
yielded a few viable eggs on stripping. On the other hand, a 2.5 mg. dose of
desoxycorticosterone acetate (Primocort: Schering) brought about spawning in
the skipper-frog ; this result is not unexpected as this cortical steroid resembles
chemically progesterone.

We have also computed the time taken for the frogs to spawn after receiving
the combination doses. It has already been noted that during March-April when
the day temperature reached 27°~28°C, the skipper-frog females receiving 4 pituitary
gland injections spawned profusely after the lapse of 93-10 hours. Even when
injected in the evening, the skipper-frog takes the same time to spawn during the
night. When three pituitary glands are injected, about 40 per cent of the test
females spawn after the lapse of 10 hours. In order to see if in our frogs also,
the mammalian hormones have an augmenting effect as described by Chang and
Witachi (1957), we injected a combination of 3 pituitary glands with 25 I.U., of
chorionic gonadotrophin (Antuitrin 8 : Parke, Davis) into each of one set, and the
other set received 3 homoplastic pituitary glands with 12.5 mg. (4 ml.) of cortisone
acetate (Glaxo) each. At the lapse of 7 hours, all those receiving the chorionic
gonadotrophin combination spawned ; fertilized eggs hatched out into tadpoles.
Approximately 200 eggs were collected from each skipper-frog and more than 50
per cent of them hatched out; again those frogs started spawning profusely 2-3
hours, after the first stripping. All the cortisone combination injected ones spawned
after the lapse of 8 hours, and the eggs were found viable; nearly 70 per cent of
the eggs hatched out. As before, these frogs started spawning again 2-3 hours after
the first stripping. The controls which received 3 pituitary glands only gave viable
eggs after 10 hours ; 10 per cent of these test animals could not be stripped and of
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those stripped, only 45 per cent of the eggs hatched out into tadpoles. It is
clear from the above that the skipper-frogs receiving combination doses as above
not only ovulate 2-3 hours earlier than those receiving pituitary glands but that ali
the test animals yield ripe eggs.

Unlike cortisone, 5 1.U., of an aqueous solution of adrenocorticotrophic hormone
(Corticotropin : Dumex) caused only 25 per cent of the skipper-frogs to ovulate
when injected with a threshold pituitary gland dose. However, when 25 U.S.P.
units of the hormone suspended in gelatine (Andrenomone; Armour Laboratories)
was injected in combination with a subminimal pituitary gland dose, 80 per cent
of the test animals spawned indicating that it is not as effective as cortisone. Like
cortisone, adrenocorticotrophic hormone by itself has no effect on the skipper-frog
ovary.

)C:}rowth hormone, so far as we are aware, has not been known to augment the
action of the pituitary luteinizing hormone. When skipperfrogs were injected
with 1.25 mg. of growth hormone (Somar: Armour Laboratories) in combination
with a threshold pituitary gland dose, they spawned profusely and yielded viable
eggs. We tested indirectly if the growth hormone contained any ovulating
factor in it. Digesting the skipper-frog pituitary glands with ptyalin and
trypsin respectively, it was possible to inactivate or destroy the follicle
stimulating hormone or the luteinizing one as was done by us for catfish (Ramaswami
and Sundararaj 1958). Combining & quantity of the homogenate equal to two
pituitary glands of the skipper-frog with 2.5 mg. of growth hormone, the reaction
of the test animals receiving the above was studied ; controls received only the
homogenate in an equal quantity as the test animals. Test animals receiving
ptyalin digested homogenate in combination with growth hormone spawned pro-
fusely; the controls receiving only the homogenate also spawned a few eggs ; the
spawning caused in the control must be due to the individual action of thel utein-
izing factor of the skipper-frog’s pituitary gland, while the profuse spawning of
the experiments must be due the augmenting action of the growth hormone. In
the set receiving trypsin digested pituitary gland, the skipper-frogs did not spawn
as the luteinizing factor was inactivated or destroyed. If the growth hormone had
any appreciable ovulating factor in it, probably the follicle-stimulating hormone
would have augmented the action of the ovulating factor. We have also tested
using large doses of growth hormone alone so that the ovulating factor, if any,
may become effective and bring about ovulation. Skipper-frogs receiving as large
a dose as 2.5 mg. of the growth hormone did not react. As the quantity of
the growth hormone was limited with us, we could not proceed further with
these experiments.

Like growth hormone, the thyroid-stimulating hormone (Armour Laboratories)
also augments the activity of the pituitary gonadotrophins. When a dose of 1.25
mg. of thyroid-stimulating hormone was combined with a threshold pituitary
gland dose and injected into skipper-frog, 50 per cent of the test animals spawned
and gave viable eggs and it is difficult to say if pure thyroid-stimulating hormone
alone can act as an activator as the thyroid-stimulating hormone preparations usually
contain luteinizing hormone as an impurity. So far as we are aware, there is no
record of using the growth and thyroid-stimulating hormones as augmenting
agents to activate anuran gonads.

. We used synthetic thyroxine (Eltroxin: Glaxo) to find out if like cortisone,
this also helped in ripening the eggs. This aspect of the study is still incomplete.
As thgse experiments were conducted during the breeding season of the skipper-
frog, 1t was necessary to find out the subminimal pituitary gland dose TeCcessary
for priming up the ovary but not bringing about ovulation. It was found that
any dose more than half-a-gland of homoplastic pituitary brought about the
ripening of eggs of the skipper-frog, half-a-gland was taken as the threshold
pituitary gland dose during the spawning season. When thyroxine was used in
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combination with this threshold pituitary gland dose, the skipper frog yielded
viable eggs; the hormone by itself had no effect in ripening the eggs of the ovary.
Very small doses of the mammalian hormone were found to be effective.

Insulin (Boots) also brings about ovulation in the skipper-frog when used in
combination with the subminimal pituitary gland dose, and the hormone by itself
has no effect on the ovary.

Oxytocin (Pitocin : Parke, Davis) appears to have no effect on the skipper-
frog’s ovary even when combined with the threshold pituitary gland dose.

We have not tried any in vitro experiments to study the relative speeds of
ovulation of gravid frog’s ovary as has been done by Wright (1945) or by Chang
and Witschi (1957). We feel that the in vitro experiments do not simulate in vivo
ones; they are physiologically very different. An excised piece of ovary put in
a hormone medium is physiologically not the same as the ovary of an intact animal
receiving a hormone injection and therefore, the two results may not be comparable.
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